Abstract
intestinal peptide (VIP) were found in healthy human beings [11] . Abzs hydrolysing thyroglobulin were found in patients with rheumatoid arthritis, but IgGs from some healthy controls also demonstrated detectable levels of the thyroglobulin-hydrolysing activity [12] . Ab amylase activity in healthy donors was ~40-100-fold lower than in AI patients [13] . Interestingly, anti-DNA Abs in healthy volunteers and AI patients are quite different, since only Abs from the sera of AI patients hydrolyse DNA [2] [3] [4] [5] . According to our data, the catalytic activity of nuclease Abzs is usually very easily detectable even at the beginning of AI diseases when the concentrations of Abs to DNA or other auto-antigens have not yet increased significantly and correspond to their ranges for healthy donors [2] [3] [4] [5] . [14] . Although initially perceived as potentially deleterious, Abzs have also been proposed to participate in the control of disseminated microvascular thrombosis. It was shown that the presence of IgG with serine protease-like activity in the serum strongly correlates with survival after sepsis [14] . [15] . Serine protease-like and metal-dependent proteolytic IgGs, IgMs and IgAs from patients with multiple sclerosis hydrolyse myelin basic protein of the myelin-proteolipid sheath of axons and therefore can play an important role in pathogenesis of this AI pathology [16, 17] . [18] , multiple sclerosis patients [4] and DNA-hydrolysing BenceJones proteins from multiple myeloma patients [19] 
Because of their ability to bind a variety of exogenous antigens, including those on bacteria and viruses, natural Abs can play a major role in the primary line of defence against infections. Sepsis is the leading cause of death in intensive care units and results from a deleterious systemic host response to an infection. The presence of IgGs with serine protease-like activity was shown in patients with sepsis

VIP-hydrolysing Abs of patients with asthma can have an important effect in the pathogenesis by decreasing the concentrations of VIP, which plays an important role in asthma pathophysiology
Abs against DNA and Abzs hydrolysing DNA or RNA are characteristic of SLE patients but could at a first glance be considered non-specific side-products of the AI processes in the sera of patients with many other AI and viral diseases (Hashimoto's thyroiditis, polyarthritis, multiple sclerosis, AIDS, hepatitis). However, DNase Abzs from SLE, lymphoproliferative diseases
are cytotoxic, cause nuclear DNA fragmentation and induce cell death by apoptosis. Therefore, it cannot be excluded that DNase Abzs play an important role in the pathogenesis of different AI diseases ([2-5] and refs therein).
Abzs with different activities can be obtained by immunization of healthy animals with protein, DNA, RNA, etc. [20] . During many diseases caused by infections, the human organism is subjected to action of different bacterial components including protein, DNA, RNA and polysaccharides. Sera of mice infected with Salmonella typhimurium [21, 22] , malaria [23] , Plasmodium chabaudi [24] and human beings infected with Trypanosoma cruzi [25] and other bacterial pathogens [26, 27] [27] . The immunoregulatory effect of the infection seems to be related, at least partially, to the increase in a particular population of Abs, the polyreactive antibodies [22] . Some results suggest that the synthesis of antibodies directed against bacterial antigens and natural antibodies follow, at least partially, distinct pathways, but with the existing experimental data it is impossible to determine unambiguously whether these two antibody populations are produced by the same or distinct B-cell subpopulations [21] .
contain a variety of Abs to microbial antigens and to human lipids, proteins and nuclear components, including anti-DNA Abs. The origin of anti-DNA Abs at infections remains speculative; some of them may arise inadvertently in normal immune response due to induction by Abs that bear structures (mimotopes) mimicking DNA
Taking this into account, one cannot exclude a possibility of production of catalytic Abs not only with proteolytic [14] 
Materials and methods
Reagents and chromatographic sorbents used in this work were obtained mainly from Sigma or Pharmacia. 
Description of patients and methods of diagnosis
ELISA of anti-DNA Abs
The titres of anti-DNA Abs was determined using standard assay plates with immobilized double-stranded DNA as described in [9] 
IgG purification
Electrophoretically and immunologically homogeneous IgGs were obtained by sequential affinity chromatography of the serum proteins on protein A-Sepharose and FPLC gel filtration according to [16, 28] . Blood (3 ml 
DNase activity assay
DNA-hydrolysing activity was analysed similarly to [7, 8, 28, 29] . The reaction mixture (20 l 
SDS-PAGE assay of DNase activity
SDS-PAGE analysis of Abs for the homogeneity under non-reducing conditions was performed in 5-16% gradient gels containing 0.1% SDS, and
for the polypeptide spectrum, in reducing 12% gels containing 0.1% SDS and 50 mM DTT (Laemmli system) as described in [16, 28, 29] . The polypeptides were visualized by silver staining or by Western blotting on a nitrocellulose membrane [28, 29] . [29] . Before the electrophoresis, the IgG samples were incubated at 22ЊC for [30, 31] . Errors in the values were within 10-30%. (Fig. 2A) . Although the sera from healthy human beings contained auto-Abs interacting with DNA, they were inactive even after 24 hrs incubation of scDNA in the presence of 1 mg/ml IgGs (Fig. 2B) 
The IgG DNase activity after SDS-PAGE was analysed in gels containing calf thymus DNA (5 g/ml) under non-reducing or reducing conditions as in
Statistical analysis
Application of the strict criteria
To prove that the DNase activity of IgGs from the sera of patients with infections belongs to the Abs and is not due to co-purifying enzymes, we have applied several previously developed strict criteria [2] [3] [4] [5] 11] . They may be summarized as follows: (i ) the IgGs were electrophoretically homogeneous (Fig. 1) (Fig. 5) .
; (ii ) gel filtration of IgGs under conditions dissociating strong noncovalent complexes in an acidic buffer (pH 2.6, Fig. 4) did not lead to a disappearance of DNase activity, and the peaks of the activity tracked exactly with the intact IgGs; (iii ) immobilized mouse polyclonal IgGs against human IgGs completely absorbed the DNase activity, and this activity corresponded only to the peak of IgGs eluted with an acidic buffer
To [2] [3] [4] [5] . Ethidium bromide staining of the gels after the electrophoresis and refolding of IgGs with initial RA ~45-100% (Table 1) (Fig. 6B, lanes 1-2) and DNase I (lane 4), while after the DTT reduction, the separated light chains were also active (Fig. 6C) . Since SDS dissociates all protein complexes, the detection of the activity in the gel region corresponding only to IgGs or their light chains, together with the absence of any other band of the activity or protein (Fig. 6) , provides a direct evidence that the IgGs possess the DNA-hydrolysing activity.
exclude possible artifacts due to hypothetical traces of contaminating enzymes, the IgGs were subjected to SDS-PAGE using a gel co-polymerized with calf thymus DNA, and their DNase activity was detected by incubating the gel in the standard reaction buffer; human urine DNase I and IgGs from healthy human beings were used as controls (Fig. 6). It should be mentioned that the incubation of IgGs with SDS and the following SDS-PAGE usually denatures the Abs to a significant extent, and the incubation of the gels in a refolding buffer restores the catalytic activities only of preparations very active initially
Interestingly, the catalytic centres of IgGs of AI patients that hydrolyse proteins, DNA and RNA are most often located in the variable part of light chains of Abs ( [2] [3] [4] [5] and refs therein). In the crystal structure of a catalytic Ab with an esterase-like activity, p-nitrophenyl ester interacts with amino acid residues in both light and heavy chains of the IgG, and both subunits are required for catalysis [38] . The DNase centre of human milk sIgAs is located in the light chain, while the DNA-binding centre is mainly formed by the heavy chain [39] . The active site of milk ATPase IgGs is formed by both light and heavy chains of the Abzs at their interface, and the separated subunits are not catalytically active [40] . The DNase centre of a monoclonal IgG from AI-prone MRL-lpr/lpr mice is located at the interface between the light and heavy chains, and both L-and H-chains are able to hydrolyse DNA when separated [41] . Amylase activity is an intrinsic property of intact mouse IgGs, their different oligomeric forms (H2L, HL2, and HL) and separated L-and H-subunits also being catalytically active [42] . (for example, Fig. 6B ). After the reduction of disulfide bonds with DTT or 2-mercaptoethanol, the DNase activity of light chains was easily revealed by the in-gel approach even in the case of IgGs with moderate and sometimes low RA, 20-40% (Fig. 6C) . During prolonged storage (3) (4) (5) [2] [3] [4] [5] 43] . For example, the light chains hydrolyse VIP with specific activity 32-fold greater than that of Fab fragments [43] .
As mentioned above, the DNase activity of intact IgG after SDS-PAGE was observed only in the case of Ab preparations with the highest, ~45-100% initial RAs
The DNase activity of the light chain is presumably due to a presence of an enzyme-like active site, in which activation of functional groups of certain amino acids may occur via intramolecular interactions similar to those found in proteolytic abzymes and natural enzymes [44] . It may be hypothesized that the DNase activity of the light chain arises from its ability to recognize the transition state of the reaction of DNA hydrolysis.
The heavy chain rather than the light chain is generally considered to play an important role in binding and recognizing antigens ( [45, 46] and refs therein) including DNA [47] . Using DNase Abs from the sera of patients with SLE and multiple sclerosis [5] (lanes 1-6; C) [53] . Some data [22, 54] [55] . In addition, the RAs of DNase Abs increased with the progress of the AI pathology [5] , while the time course of immunization associated with infections is usually not so long as compared with AI diseases, which can have chronic character.
standard Kunitz units) were used for non-reducing electrophoresis (A and B). The gel was stained with ethidium bromide (B) and then to reveal the positions of intact IgGs the same gel was stained with Coomassie R250 (A). The arrows indicate the positions of molecular mass markers (A). Abs with high (lane 1), moderate (lanes 2-5) or relatively low (lane 6) activity after reduction of IgG correspond to urogenital ureaplasmosis associated with reactive arthritis (1), shigellosis (2), erysipelas (3), suppurative surgical infection caused by Staphylococcus aureus (4) or epidermal staphylococci (5), and chlamydiosis (6) were used for reducing electrophoresis (C). DNase activity was visualized by ethidium bromide staining of the gels
It was shown that the presence of IgG endowed with serine protease-like hydrolytic activity in the plasma of patients with sepsis strongly correlates with their survival [14] . In contrast to DNase abzymes, the polysaccharide-hydrolysing Abs are usually present even in the sera of healthy human beings and their activity remarkably increases in the sera of patients and animals with different AI diseases [13, 42] and especially with pathologies caused by infections (V.N. Buneva, unpublished 
